Abstract -Photoinduced water exchange of a number of amineaquachromium(II1) complexes have been studied by ligand field band irradiation of oxygen-18 labelled complexes. The photochemical reactivity is dominated by exchange of coordinated water, but falls off rapidly with an increasing number of water ligands. Product distributions can be accounted for by an associative interchange mechanism and trans-attack of the entering water molecule. For competing reactions, labelled a and b, there is a clear correlation between thermal, k, and photochemical, @, reactivities corresponding to: @a/@b > ka/kb when A H : > AH;.
Ligand field model calculations on reasonable transition state structures show that the lowest quartet excited state is comparable in energy to the quartet ground state and has significantly lower energy than the lowest doublet state. This suggests that the solvent assisted excited state deactivation of both excited quartet and doublet states predominantly take place via a quartet excited transition state close in energy and structure to the transition state of stereomobile thermal reactions.
In spite of the large efforts put into photochemical research of transition metal complexes during the last decades and the central role of an aqueous medium for the majority of this work, only very few investigations of photoinduced water ligand exchange have appeared. The photochemical reactivity of hexaaquachromium(II1) was apparently the first to be studied [ref.
11 and was found to occur with a rather small quantum yield. Significant photochemical water ligand exchange was later demonstrated in pentaammineaquarhodium(II1) [ref. Table 1.  Table 2 shows data for the competitive formation of tetraaminediaquachromium(II1) isomers. The competition ratio is seen to depend heavily on the substrate in clear contrast to the dissociatively activated low charged rhodium(II1) complexes which show constant competition ratios independent of substrate. One such recent example is the constant formation ratio for cisand trans-tetraammineaquachlororhodium(II1) isomers whether formed by water ligand exchange in the isomers or by chloride ligand substitution in the isomeric tetraamminedichlororhodium(II1) isomers [ref. 61 . The absence of a stereoretentive water exchange path for both trans-tetraaminediaquachromi- data it is clear that for two competitive reactions labelled a and b the reactions with the higher activation enthalpy is invariably more dominating photochemically than thermally, i.e. in qualitative terms: This is further demonstrated in Fig. 2 and it obviously invalidates a classification of photochemical reactions as 'antithermal'.
Attempts to rationalize the photochemical reactivities of transition metal complexes have both been purely empirical and based on the use of ligand field models at various degrees of sophistication. The present data for cistetraamminediaquachromium(II1) are particularly informative in relation to these rationalizations. The data in Table 1 React ion coord i na te (iii) There is a negative contribution to enthalpies of activation for reactions of the lowest excited quartet state. The numerical value of this contribution is greater for ligands of high ligand field strength and is numerically smallest f o r stereoretentive reactions.
actions of the lowest doublet state.
(iv) There is only a minor contribution to enthalpies of activation for reThese general trends provide a fair rationale of the change in stereochemistry for chromium(II1) substitution reactions: the ground state reactions are predominantly stereoretentive and the excited state reactions are accompanied by stereochemical change. A simplified view of the general trends of the variations in ground state and lowest excited state energy levels for the trans-attack mechanism depicted in Fig. 1 is shown in Fig. 3 Intersystem crossing to an excited quartet state of comparable or lower energy than that of the excited doublet state may clearly be an attractive path for the reactive deactivation of this state. Interpreted in this way Fig. 3 on the axis perpendicular to the 'reacting plane', cf. Fig. 1 , are small. This is verified experimentally by a more extensive analysis of the product distributions in the ammineaquachromium(II1) system [ref. 31. This analysis shows unambiguously dominant relative reactivity contributions from 'planes' with a greater number of water ligands, and it is tempting to correlate this preference with the relative energies of the individual components of the first spin-allowed absorption band, which are rather accurately given by the average ligand field strength of the four ligands in the plane of the transitions.
